Recent progress in the diagnosis and treatment of pelvic ring and acetabular fracture Fifty years ago, Robert Judet and Emile Letournel had the idea that surgical fixation of acetabular and pelvic ring fracture would have many advantages over non-operative treatment or external fixation.
Progress in diagnosis
Progress in 3D image processing has transformed diagnosis of acetabular and pelvic ring fracture. CT scanning does not require any mobilization, and is fast and reliable whatever the lesion and degree of instability and whatever the individual anatomy. In multiple trauma, it is systematic. It represents a breakthrough for pelvic fractures, some aspects of which were inaccessible to X-ray imaging: notably, posterior sacral fracture associated with anterior arch fracture. In the acetabulum, CT facilitates diagnosis and treatment planning [3, 4] .
CT can always allow systematic output in the form of reformatted 2D radiographs: AP, ¾ alar, ¾ obturator, inlet, outlet and lateral views. There is no need to mobilize a patient who is in pain in order to complete CT work-up with plain X-ray to shed light on displacement.
Multiplanar volumetric CT reconstruction has become indispensable, providing simultaneous visualization of all three orthogonal planes, with the possibility of modifying them at will depending on the type of lesion analysis undertaken. It is now an everyday procedure in our radiology unit PACSs. The reconstructions should be accessible from all the work-stations, in staff-rooms, consultation offices and operating theaters, to enable a guided tour through the various slices to illustrate strategic and therapeutic decision-making.
3D surface reconstruction immediately reveals the main fracture lines and corresponding displacement [4] , and is indispensable for diagnosis. Since 2010, the Pelvis-Acetabulum Club has validated a set of "necessary and sufficient" 3D images [1] : anterior pelvis view, posterior pelvis view, exopelvic coxal-bone view after removal of the femoral head, and endopelvic view after removal of the sacrum and contralateral coxal bone. A smartphone application based on the exopelvic view alone (APPS# "acetabular fractures diagnosis tool") has greatly increased the quality of diagnosis. This view shows the main fracture lines and corresponding displacement, allowing instantaneous classification of acetabular fractures by cross-referencing against the drawings of the international Judet-Letournel classification. Obviously, it is necessary to be able to manipulate the 3D image on-screen, to search for the required details. This needs equipped work-stations in all our work-places.
Segmentation and fragment coloring have demonstrated their value as learning aids [4] . They improve diagnosis, even by an inexperienced student. The various fragments can be mobilized individually on-screen, to determine the right order of reduction steps. Reduction is of course a good deal more difficult in the real world, but rehearsing the virtual movements of approximation and relative rotation between fragments can save precious operating time, or indeed determine the approach and patient positioning.
3D printers, inherited from fab-labs, allow better visualization of fracture lines and improve the choice of plate best adapted to the reduced fracture. The only problem is that, for the moment, soft tissue is not represented, unlike in the intraoperative situation.
Progress in treatment
3D printers can produce plates that are perfectly adapted to the individual patient. The mirror-image of the non-fractured hemipelvis is printed out, taking advantage of the symmetry of the two coxal bones. One can even imagine a fracture-specific plate with integrated target guide referred to special screws tested on a 3D model of the reduced bone or in the voxel space of a digital 3D model [5] .
Continuing from the 3D work on the initial CT scan, intraoperative 3D acquisition has transformed pelvic surgery. Joint reduction quality can be controlled in all 3 planes, including more specifically reduction of an osteochondral fragment liable to progress toward osteoarthritis. The surgeon can correct the procedure if necessary, rather than finding a mediocre result some days later on the control scan. Postoperative CT can thus be done without. Infrared navigation coupled to intraoperative CT enables "difficult" or percutaneous screws to be positioned without extra radiation of patient or team [6] [7] [8] . Reduction by external maneuver in the initial stage awaiting definitive fixation is better controlled using 3D imaging [9] . It is increasingly required that we restore the anatomy of the sacral pedestal, to avoid chronic low back pain induced by sagittal and frontal imbalance due to sacral malunion [10] . Approaches have become less invasive [11, 12] . The development of approaches targeting anterior lesions allows fixation in more elderly patients. The Stoppa-Colles and pararectal approaches, when feasible, are smaller than the ilio-inguinal approach to fix the anterior column of the acetabulum, and allow immediate resumption of weight-bearing gait. They are not, however, any less invasive, and require a good level of experience [13] .
The ilio-inguinal and Stoppa approaches can be combined, using the lateral window for the ilio-inguinal approach and the medial window for the Stoppa approach, passing between the two rectus abdominis muscles. This combined approach has the advantages of both approaches, without mobilizing vessels, and can be very useful in associated pelvic and acetabular lesions.
In complex pelvic lesions associating more than two separate lesions, with associated acetabular fracture, we have considerably changed tactics thanks to the combination of new approaches and 3D intraoperative control. We are now able to avoid patient repositioning, or even re-repositioning.
We have also changed our attitudes regarding prosthetic surgery for acetabular fracture. Dual mobility cups, used in elderly patients and associated to posterior internal fixation, may allow immediate resumption of weight-bearing [14, 15] . Acetabular rings provide primary reconstruction stability, and allow immediate resumption of weight-bearing.
The question remains open as to the interval that should be allowed before prosthetic surgery: mortality is non-negligible when it is performed in emergency, and it is possible to await bone consolidation before implantation, with a good interval after trauma. Ceramic/ceramic friction couples have considerably increased implant lifespan, so that total hip replacement can be proposed more confidently in young patients.
Nevertheless, total hip replacement on a fractured acetabulum is always tricky and requires experience.
Orthopedic and traumatologic surgery as a whole is advancing with technological progress. In the case of post-traumatic reconstruction of the acetabulum and pelvic ring, we now have a better understanding of these fractures. We have become better at planning repair [16] , and at meeting our surgical objectives. This ever more proactive trend is to be kept in mind. Over the last 10 years in France, the health insurance authorities report 3000 acetabular fractures per year, with 1000 patients under and 2000 over 60 years of age. Whether the patient is young, older or very elderly, decisionmaking depends on precise diagnosis and expertise. Treatment is best performed in reference centers, so as to give an equal chance of recovering motion and gait regardless of where the patient happens to live.
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